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1. Introduction

In previous RAN2 meetings, reference time delivery has been discussed in details and progress has been made as many agreements were achieved. In this contribution, we will discuss the following three remaining issues:

Issue 1: The encoding method for uncertainty parameter
Issue 2: Indication for UE needing of reference timing
Issue 3: Clarification on the referenceSFN field
2. Discussion
2.1 The encoding of uncertainty parameter
During the RAN2 #106 meeting, it was agreed to specify uncertainty parameter in the reference time information in NR and one FFS was left as follows:

	· Specify uncertainty parameter in the reference time information in NR, encoding FFS


During the RAN2 #107bis meeting, it was further agreed:

	· The uncertainty of reference time info is unspecified, if the uncertainty field is absent.


Regarding to the encoding of the uncertainty parameter, there are two options to be considered:
Option-1: Similar to LTE, uncertainty indicates the number of LSBs which may be inaccurate in the reference time. 
In LTE, the granularity for reference time is 0.25 us. Referring to the following structure of ReferenceTime IE in LTE, there is a field refQuarterMicroSeconds to indicate time with this minimum granularity. The value of refQuarterMicroSeconds is an integer between 0 and 3999, which indicates time information as refQuarterMicroSeconds times of 0.25 us unit. 
	ReferenceTime-r15 ::=


SEQUENCE {


refDays-r15






INTEGER (0..72999),


refSeconds-r15





INTEGER (0..86399),


refMilliSeconds-r15




INTEGER (0..999),


refQuarterMicroSeconds-r15


INTEGER (0..3999)

}


In LTE, the field uncertainty indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. Since the maximal value of refQuarterMicroSeconds is 3999, then 12 bits should be used to denote its value. The value of uncertainty parameter in LTE is an integer between 0 and 12. So the inaccuracy of the reference time can be ±0.125us, ±0.25us, ±0.5us, ±1.0us, ±2us, ±4us, and so on.
In NR R16, it was agreed to support 10ns granularity for reference time delivery. In the endorsed CR for 38.331 [1], the refTenNanoSeconds-r16 field is introduced to indicate ten nanosecond level information. The value of this field can be an integer between 0 and 99999, which indicates maximal time value as 99999 times of 10 ns unit. In total, 17 bits should be used to denote its value. Accordingly, the value of uncertainty parameter can be an integer between 0 and 17. Such uncertainty parameter can indicate the inaccuracy of the reference time with a scope as ±5ns, ±10ns, ±20ns, ± 40ns, ±80ns, ±160ns, ±320ns, ±640ns, etc. 

Such inaccuracy indication may be a bit coarse. In [2], RAN3 has analysed the synchronization accuracy between TSN GM clock and gNB, as shown in the following Table 1. When GPS is used as TSN GM clock, the synchronization inaccuracy at gNB is ±100ns. When gNB is synchronized to remote TSN GM clock entity using cascaded PTP capable transport network connections, the synchronization inaccuracy at gNB is ±N*40ns, where N is number of PTP hops. So the inaccuracy at gNB is ±120ns if there are three PTP hops. However, the uncertainty parameter of option-1 cannot indicate the inaccuracies in such cases.
Table 1 Maximum absolute time error between TSN GM clock and gNB [2]

	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns absolute, 200ns relative between nodes.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is number of PTP hops. 


Option-2: Uncertainty indicates the uncertainty number times of agreed fine granularity, i.e., m*10ns, and m can be some integers.
In fact, option-2 can be regarded as a generalization of option-1. As for option-1, values of ‘m’ equal to powers of 2, i.e. 0, 1, 2, 4, 8, and so on. As for option-2, ‘m’ can be defined to take more values, such as 3, 5, 6, 7, etc. Compared with option-1, option-2 can indicate much finer granularity about inaccuracy of reference time. However it is not clear how the network can provide uncertainty with such fine granularity. For example, in most cases, gNB will use GPS as synchronization source, and the inaccuracy of the time maintained by gNB is ±100ns. So there is no point to differentiate uncertainty between 90ns, 100ns, 110ns, and so on. It would be merely waste of signalling bits if we don’t need to differentiate uncertainty between 90/100/110ns. 
Besides, from the TSN application’s perspective, it is not clear whether very accurate uncertainty information would be useful. Currently the transparent clock approach has been adopted by SA2 [3], where 5GS acts as a TSN-compliant entity which is a transparent clock node. When synchronization message is transferred from a TSN GM to a TSN end device, each PTP hop will contribute to the total synchronization inaccuracy. The total synchronization accuracy between TSN end device and TSN GM clock should be restricted to 1us. However, the uncertainty parameter discussed here can only reflect the inaccuracy contributed by 5GS when the synchronization message is travelled through 5GS. Thus, even though the uncertainty parameter indicated by gNB is with quite fine granularity, the total synchronization inaccuracy may still be determined by the hop with a coarse granularity. Further, when deciding 10ns as time information granularity in RAN2, no obvious benefits are shown in order to support 10ns rather than e.g. 50ns.
Based on the above analysis, we propose uncertainty can be indicated as the uncertainty field value multiplexed by a larger granularity than 10ns, for example, 25ns, or 50ns.
Proposal 1: Uncertainty is indicated as the uncertainty field value multiplexed by one granularity value (higher than granularity value of the time info). For example, such uncertainty granularity value could be 25ns or 50ns.
2.2 Indication for UE needing of reference timing
2.2.1 How does the gNB know that UE needs reference timing?
During RAN2#107bis meeting, companies think it is beneficial for the gNB to know when there are UEs in need of timing information to avoid unnecessary broadcast or unicast. An LS was sent to SA2 for information on whether and how the need for reference time information can be determined for any given connected UE [4]. As specified in TS23.501, all gPTP messages are transmitted on a QoS Flow that complies with the residence time upper bound requirement specified in IEEE 802.1AS. Therefore the gNB can be aware of UE needing of reference timing based on the specific QoS flow used to transmit the gPTP messages.
Observation 1: The gNB can be aware of UE needing of reference timing based on the specific QoS flow used to transmit the gPTP messages.

2.2.2 How does the gNB choose broadcast or unicast?
In previous RAN2 meetings, accurate reference timing delivery was agreed to be carried out using either broadcast or unicast RRC signalling. But no specific rules were specified regarding when to use broadcast and when to use unicast signalling. For reference timing delivery through broadcast, RAN2 agrees that SIB9 is used. As UE clock may drift away after a long time since last synchronization, the gNB can broadcast reference timing information periodically to help UE (re)synchronize to the gNB. In RAN2 meeting #106, it was agreed that the field used for reference time information delivery is excluded from estimation of changes in system information. The changes of timing information should neither result in system information change notifications nor in a modification of ValueTag in SIB1, in a similar way as for timeInfoUTC. Therefore it is up to UE implementation when to read the system information with reference timing information to promptly update its clock. 
According to 38.331, the PDCCH-ConfigCommon IE is optionally configured in the BWP-DolinkCommon IE. 

BWP-DownlinkCommon information element
-- ASN1START
-- TAG-BWP-DOWNLINKCOMMON-START

BWP-DownlinkCommon ::=              SEQUENCE {

    genericParameters                   BWP,

    pdcch-ConfigCommon                  SetupRelease { PDCCH-ConfigCommon }                                     OPTIONAL,   -- Need M
    pdsch-ConfigCommon                  SetupRelease { PDSCH-ConfigCommon }                                     OPTIONAL,   -- Need M

    ...

}

-- TAG-BWP-DOWNLINKCOMMON-STOP

-- ASN1STOP

Thus for some BWPs, the PDCCH-ConfigCommon IE may be not configured. Besides, from the PDCCH-ConfigCommon IE, it can be inferred that SIB9 for timing information can only be received if the searchSpaceOtherSystemInformation IE is present. 

PDCCH-ConfigCommon information element
-- ASN1START
-- TAG-PDCCH-CONFIGCOMMON-START

PDCCH-ConfigCommon ::=              SEQUENCE {

    ...,
    searchSpaceSIB1                     SearchSpaceId                                           OPTIONAL,   -- Need S

    searchSpaceOtherSystemInformation   SearchSpaceId                                           OPTIONAL,   -- Need S
...,
-- TAG-PDCCH-CONFIGCOMMON-STOP
-- ASN1STOP
So there may be a case that UE cannot receive timing information through SIB9 due to the absence of the searchSpaceOtherSystemInformation IE from the active downlink BWP. As a result, UE may not be able to perform synchronization even when UE clock has drifted due to crystal stability, which is a potential issue for the TSN services.

Observation 2: UE may not be able to receive the timing information from SIB9 due to the absence of the searchSpaceOtherSystemInformation IE from the configuration of the active downlink BWP.

In RAN2#107 meeting, the on demand SI in connected was discussed and the following agreements were achieved:
	Agreements

1
On demand SI procedure in RRC_Connected is supported in Rel-16 (for potential use by any WI)
2
Define new UL-DCCH message for SI request in RRC_CONNECTED.

FFS Whether the request is per SIB or per SI (we can consider whether different WIs have specific requirements)
3
UE in RRC_CONNECTED does not use existing SI request procedure based on RACH.

4
If common search space to receive the system information is configured on the active BWP, the UE tries to receive the on-demand SI through broadcast after transmitting the SI request as in RRC_IDLE/INACTIVE.

FFS Whether the UE has feedback from the request to know whether the SI will be sent via broadcast before it tries to receive the SI.

5
If common search space to receive the system information is configured on the active BWP, the UE in RRC_CONNECTED checks whether the required on-demand SI is being broadcasted by reading SIB1 before transmitting the SI request, and transmits the SI request only when the required on-demand SI is not being broadcasted, as in RRC_IDLE/INACTIVE.


In RAN2#107bis meetings, the on demand SI in connected was further discussed and the following agreements were achieved:
	Agreements

1  The on-demand SI request message sent by the UE in RRC_CONNECTED is per SIB. A single message can request multiple SIBs.

2  For SIBs that need change notification, Rel-15 approach in NR for SI change notification is re-used for on-demand SI request in Rel-16

3  Upon receiving the on-demand SIB request by the UE, the network responds with an RRCReconfiguration message that includes the requested SIBs (if these are send via dedicated signalling) but no indication about which SIBs are broadcasted.

4  No mechanism (e.g., prohibit timer) to limit the UE of triggering the on-demand SI procedure too frequently while in RRC_CONNECTED is supported

5  It is up to network implementation to make sure that the size of a message containing requested SIBs does not exceed the PDCP SDU limitation in NR of 9000 bytes

6  For now we leave positioning out, it seems unclear whether the above it applicable for positioning, to be ironed out in the positioning session.


In IIOT, it is beneficial that the SIB9 containing reference time information can be requested by RRC_CONNECTED UEs, especially when UE needs synchronization but cannot receive the SIB9. The above agreements allow RRC_CONNECTED UEs to demand SIB9 for reference time information while, on the other hand, UEs can always request reference time information through unicast RRC signalling. No restriction should be made mandating UE to request reference time information in one specific way.   Therefore RAN2 can just confirm that the above agreements can also be applied to IIOT topic without extra effort.
Proposal 2: Support RRC_CONNECTED UEs to request SIB9 with timing information from the gNB in IIOT.
Upon receiving the UE request, it is up to gNB implementation to send broadcast or unicast signalling, as the gNB is aware of the BWP configuration of the UE. Specifically, the gNB can perform BWP switching to enable SIB9 receiving or send reference time information through unicast RRC signalling to the UE.
Proposal 3: It is up to gNB implementation to perform BWP switching to enable SIB9 receiving or send reference time information through unicast RRC signalling if the requesting UE cannot receive the SIB9 on the current BWP.
2.3 Clarification on the referenceSFN field
During RAN2#107bis meeting, when discussing the signaling of reference timing delivery, an FFS was left: if The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell. 
Currently, it is assumed that the referenceSFN field indicates which SFN’s ending boundary the delivered timing corresponds to. It needs however to be further clarified which cell the SFN belongs to in CA and DC cases, especially when the SFN boundaries among different cells are misaligned.  In the following, we will analyze different cases and try to find a simple way forward to address this issue.
Case 1: Broadcast

For broadcast, SIB9 is only transmitted on the PCell. Therefore it is clear for UE to understand that the SFN indicated by the referenceSFN field belongs to the PCell.
Case 2: Unicast in CA
In Section 5.4.1 of TS 38.300, it is specified that “CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells that can be aggregated”. Since SFN and frame are aligned across cells in CA, there is no issue which cell the SFN indicated by the referenceSFN field belongs to.

Case 3: Unicast in DC
It is agreed that DLInformationTransfer message is used for unicast reference time delivery, which is transmitted through SRB1 or SRB2 located in the MN node. Thus for normal cases in DC, no clarification is needed for the referenceSFN field either.

When SRB1 or SRB2 is configured as split bearer or duplicated bearer, however, the DLInformationTransfer may be delivered through SN node. In this situation, it is obvious that the referenceSFN still indicates the SFN of MN node where the RRC signaling is generated.
Since there will be no ambiguity regarding the reference SFN in any cases, we don’t need to specify anything to clarify. 
Proposal 4: No extra clarification is needed in the specs for the referenceSFN field.
3. Conclusion

In this contribution, we discussed the encoding method for uncertainty parameter in the reference time information, and made the following proposal:
Proposal 1: Uncertainty is indicated as the uncertainty field value multiplexed by one granularity value (higher than granularity value of the time info). For example, such uncertainty granularity value can be 25ns or 50ns.
Observation 1: The gNB can be aware of UE needing of reference timing based on the specific QoS flow used to transmit the gPTP messages.
Observation 2: UE may not be able to receive the timing information from SIB9 due to the absence of the searchSpaceOtherSystemInformation IE from the configuration of the active downlink BWP.

 Proposal2: Support RRC_CONNECTED UEs to request SIB9 with timing information from the gNB in IIOT.
Proposal 3: It is up to gNB implementation to perform BWP switching to enable SIB9 receiving or send reference time information through unicast RRC signalling if the requesting UE cannot receive the SIB9 on the current BWP.

Proposal 4: No extra clarification is needed in the specs for the referenceSFN field.
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